INTRODUCTION {#cesec10}
============

End stage degenerative arthritis of the ankle poses a difficult challenge to both patients and clinicians. The main surgical treatment options include ankle arthrodesis, total ankle arthroplasty, and ankle distraction arthroplasty. Patients who have persistent, functionally disabling ankle-joint pain despite exhaustive nonoperative treatment and an unaffected subtalar joint may benefit from an ankle arthrodesis.

First described in 1882, ankle arthrodesis has become a popular treatment for degenerative arthritis[@bib1]. In 1951, the technique of compression arthrodesis of the ankle was first introduced by Charnley[@bib2] who used an external fixation device. External fixation has become less popular in recent decades except for those with open ankle injuries, infection, or severe deformity[@bib3], [@bib4]. Because of a lower risk of complications, arthrodesis has been performed utilizing an open or arthroscopic debridement most commonly using internal fixation with screws[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13].

A recent biomechanical study has shown superior stability of an ankle fusion using internal fixation with a plate and screws versus fixation with screws alone[@bib14].

Several authors have reported successful use of internal fixation with plates and screws utilizing various techniques including lateral plating, anterior dual plating and custom blade plate techniques[@bib15], [@bib16], [@bib17], [@bib18], [@bib19]. Three additional studies report using anterior tension plate techniques for tibiotalar arthrodesis after failed total ankle arthroplasty[@bib20], [@bib21], [@bib22].

Traditionally, ankle arthrodesis complication rates of up to 60% and nonunion rates between 5% and 37% have been reported in studies that range in size from 17-54 patients, however more recent results have shown substantially better functional outcomes with nonunion rates consistently around 10-13% or lower in studies that range in size from 19-81 patients[@bib12], [@bib18], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30], [@bib31], [@bib32], [@bib33], [@bib34], [@bib35], [@bib36], [@bib37].

The improved results seen in recent years may be due to a better understanding of the optimum position for the ankle arthrodesis. The preferred position for an ankle arthrodesis is thought to be neutral in the sagittal plane with regards to plantarflexion and dorsiflexion, from neutral to slight valgus (5 degrees) in the coronal plane, between 5 and 10 degrees of external rotation in the horizontal plane, and the talus centered exactly below the tibia (neutral translation)[@bib23], [@bib35], [@bib38], [@bib39].

The purpose of the current study is to present the preliminary results (with a minimum of six months follow-up) of a novel laterally based tibiotalar compression arthrodesis system using a locked plate.

METHODS {#cesec20}
=======

The first thirteen consecutive patients undergoing tibiotalar arthrodesis using a new lateral plating system were retrospectively enrolled in this study. Institutional Review Board approval was fist obtained for the study. All arthrodesis were performed by the senior author (MJC).

The surgical indications included tibiotalar arthritis with sparing of the subtalar joint. This arthritis was secondary to trauma in all but three patients. Of the three other patients, one had a failed osteochondral autograph transplant, one a failed previous attempt at arthrodesis and one patient who developed arthritis following an infection after a previous open reduction and internal fixation of an ankle fracture.

The average age of the patients were 59.7 (range 36-72). Nine patients were male and four were female. One patient was lost to follow-up. Minimum follow up was six months. Patients were evaluated both clinically and with weight bearing radiographs. All patients had AOFAS ankle-hindfoot scores as well as a Visual Analog Scale (VAS) available preoperatively and at latest follow-up. The average time of follow-up was 8.6 months (range 6.0-12.1).

Alignment was assessed in the following ways. Measurements were obtained to assess for post-operative rotation, translation, alignment in the sagittal plane (plantarflexion/dorsiflexion) and alignment in the coronal plane (varus/valgus). For alignment in the sagittal plane, both radiographic and clinical examination were used. Radiographically the longitudinal axis of the tibia was measured with mid-diaphyseal reference points placed on the lateral radiograph. A second line was drawn from the inferior aspect of the calcaneus to the plantar border of the tibial sesamoid. The intersection of these two lines formed an angle that described the magnitude of plantarflexion/dorsiflexion. Clinically, the included angle formed between the longitudinal axis of the fibula and the plantar lateral border of the foot was measured during weight bearing. For rotation, a clinical angular measurement was taken in the axial plane from the tibial tubercle to a line bisecting the heel and the third toe. This was then compared to the contralateral side. Translation was assessed on the lateral radiograph. Coronal plane alignment was measured from a photograph obtained from behind while the patient was weight bearing. A vertical line drawn from the center of the posterior calf and ankle was then compared with a line drawn down the center of the calcaneus[@bib40]. This ankle measured the magnitude of varus/valgus.

OPERATIVE TECHNIQUE {#cesec30}
===================

Surgery was performed with a combined regional nerve block and general anesthesia in most cases. The patients were placed in a semi-supine position with a thigh tourniquet. A lateral longitudinal incision was utilized and the fibula was dissected, and osteotomized fifteen centimeters above the tip of the fibula, removed, and morselized for use as autogenous bone graft. A cutting guide was used that matches the arc of the tibiotalar joint ([Figure 1](#fig1){ref-type="fig"}A-D). It was fixed to the tibia and talus, multiple drill holes were created from lateral to medial, and the remaining articular surfaces were removed. The tibial and talar surface were debrided of any remaining osteophytes and cartilage. The curved cutting guide allows for both rotational and coronal plane control of the cut surfaces. Using pin fixation, distractors can be placed to visualize and prepare the joint surfaces. A separate medial incision was utilized on occasion to prepare the medial gutter and osteotomize the medial malleolus when necessary. Once the joint surfaces were prepared, a compression device was applied through pins placed through the tibia and talus from medial to lateral in order to avoid varus/valgus malalignment which may occur by compressing from only one side. A posterior foot holding device was used to ensure the ankle was neutral in the sagittal plane. The laterally based precontoured locking plate was then applied. Screws were sequentially placed first in the talus, and the locking cap was added ([Figure 2](#fig2){ref-type="fig"}A-H). Then compression of the ankle arthrodesis was applied, and the tibial screws were placed, and a second locking cap was applied. Care was taken to ensure the subtalar joint was free of hardware by utilizing fluoroscopy intraoperatively. In several cases, an anterolateral or anterior medial tension band type plate or screw was applied for additional strength. The wounds were closed in layers over a medium hemovac drain. A below knee splint was applied.

All patients were admitted to the hospital following surgery, and at discharge on the second post-operative day, the lower extremity was placed into a below-knee cast. The cast was changed every three weeks. Patients were maintained non-weight bearing in a below-knee cast for 6 weeks, followed by another 6 week period in a below-knee walking cast.

RESULTS {#cesec40}
=======

The average AOFAS ankle--hindfoot score improved from 42 points pre-operatively (range 21-61) to 71 points post-operatively (range 39-96). The average VAS score improved from 8 (range 6-10) pre-operatively to 3 (range 0-10) post-operatively. All patients ankles fused radiographically by 6 months ([Figure 3](#fig3){ref-type="fig"}A-D). One patient required a subsequent procedure for an incision breakdown which subsequently healed without sequela.

Sagittal plane alignment varied from 15 degrees of dorsiflexion to 12 degrees of plantarflexion radiographically with a mean of 1.6 degrees of dorsiflexion. Clinically, sagittal alignment varied from 10 degrees of dorsiflexion to 8 degrees of plantarflexion with a mean of 1.4 degrees of dorsiflexion. Coronal plane alignment varied from 0-15 degrees of valgus with a mean of 8.9 degrees of valgus compared to 7.5 on the contralateral side. Rotation varied clinically from 0-5 degrees of external rotation compared to the contralateral side with a mean of 0.6 degrees of external rotation. No patients showed radiographic evidence of translation.

DISCUSSION {#cesec50}
==========

Treatment of patients with disabling arthritis, pain, and deformity of the ankle remains a challenging problem. The surgical goals of the tibiotalar arthrodesis are to eliminate pain and provide a stable, plantigrade foot for ambulation.

This study, to the best of the authors' knowledge, represents the only recent description of tibiotalar arthrodesis using a lateral plate and the only description of a technique utilizing both medial and lateral compression combined with locking plate technology. In our opinion, the combination of a laterally based locking plate, medial and lateral compression combined with curved bony resection allow for excellent control of the four planes of possible motion; these include motion in the sagittal plane, coronal plane, axial rotation and translation. This is supported by previous observations that preservation of the bony contour allows for accurate control of rotation, translation and coronal plane alignment, which are all thought be important for a good long term outcome[@bib11], [@bib41].

The current study had no nonunions, one minor complication, and significant improvement in AOFAS ankle hindfoot scores although we expect the scores to improve as we follow these patients over the next year. However, these results compare favorably with recent studies in these regards[@bib18], [@bib24], [@bib29], [@bib30], [@bib31], [@bib32], [@bib33], [@bib34], [@bib35], [@bib36], [@bib37].

The limitations of this study include the low sample size, the relatively short term follow-up, the retrospective nature and the fact that it is a single surgeon and single site study. Additionally, the patient population may have been biased towards a greater deformity than the general ankle arthritis population because none of the current study population received a total ankle arthroplasty which are routinely performed at the study institution.

CONCLUSION {#cesec60}
==========

In conclusion, we believe that a combination of bilateral compression, contoured bony cuts, and lateral locked plating offers a novel, accurate, and useful technique for performing ankle arthrodesis.
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![Two plate flare angles shown in (A) and (B) showing the varied fixed angle constraint of the distal screw-plate interface. (C) shows the two different radii of curvature of the cutting jig to match the patient\'s anatomy and (D) the bone preparation.](gr1){#fig1}

![The lateral approach (A) and joint exposure (B). The cutting jig in situ (C) and joint distraction obtained (D). Both medial and lateral distraction is obtained (E). (F) shows the plate provisionally fixed with kirschner wires while the distal screws are sequentially placed followed by the locking cap (G) and an anterior tension band plate (H) if needed.](gr2){#fig2}

![61 year old male patient presented with post-traumatic tibiotalar arthritis with pain and deformity. (A) The preoperative radiographs considerable deformity including anterior translation of the talus relative to the tibia and (B) varus deformity in the coronal plane. (C) Lateral and (D) AP weightbearing radiographs taken at 18 months follow up after corrective arthrodesis and successful fusion.](gr3){#fig3}
